Objective: To assess the safety and efficacy of the ultrasonic dissection (UC) compared with standard electrosurgery (ES) in laparoscopic colorectal surgery. Background Data: High-frequency ultrasound energy was introduced in laparoscopic surgery to improve dissection and coagulation. Very limited data have been published on its use in laparoscopic colorectal surgery. Methods: Patients eligible for elective laparoscopic right or left hemicolectomy (RH and LH), sigmoidectomy (SG), or low anterior resection (LAR) were randomized to either UC or ES. The following data were collected and analyzed: preoperative data (individual patient data, indication for surgery), intraoperative data (conversion to open surgery, conversion ES to UC, operative time, blood loss, complication rate), and postoperative data (morbidity and mortality, volume of drainage, hospital stay). Results: Between January 2002 and December 2003, 171 patients underwent elective laparoscopic colorectal resection. Twenty-5 patients did not satisfy the inclusion criteria and were excluded. The diagnosis of the remaining 146 patients was diverticulitis (44), colonic adenoma (31), adenocarcinoma (70), or epidermoid carcinoma (1). These patients underwent laparoscopic RH (28), LH (31), SG (47), or LAR (40). There were no differences in preoperative data. The overall conversion rate to open surgery was 11.6%, with no differences between the two groups; 20.8% undergoing ES were converted to UC, more frequently during right hemicolectomy or low anterior resection. Operative time, the primary endpoint of this study, did not differ between the two groups: UC 93 minutes versus ES 102.6 minutes (P ϭ 0.46). Intraoperative blood loss was significantly less in UC 140.8 mL versus ES 182.6 mL (P ϭ 0.032). No differences were observed in postoperative morbidity or other preoperative or postoperative parameters. Conclusions: UC is a useful device in laparoscopic colorectal surgery that facilitates completion of difficult cases and reduces intraoperative blood loss. Nevertheless, the majority of laparoscopic procedures can be completed with ES. Therefore, selective use of UC appears to be the most cost-effective policy. (Ann Surg 2005;242: 897-901) 
O ver the last decade, laparoscopic surgery has made a significant impact in the field of general surgery. The application of laparoscopic surgery has expanded to include many complex abdominal procedures that have traditionally been performed through a laparotomic incision. The rapid increase in its popularity and widespread acceptance have resulted in a continuing need to develop new techniques and instruments that are safer to the patient and less cumbersome for the surgeon. A key factor in laparoscopic surgery is to use techniques that permit safe dissection of the tissues with minimal collateral damage and adequate hemostasis.
Concerning tissue dissection and coagulation, electrosurgery, widely used for open surgery, displayed some complications and limits related to minimally invasive technique. 1, 2 The search for a safer energy source has resulted in the use of high-frequency ultrasound energy for surgical use. 3 This source has also been adapted successfully for laparoscopic use in the form of an ultrasonic dissector (Harmonic Scalpel, Ultracision, Ethicon Endosurgery Inc., Cincinnati OH). 4 Several authors have reported on the advantages of ultrasonic dissection for different laparoscopic abdominal operations. [5] [6] [7] [8] Laparoscopic colorectal surgery is at present expanding its indications to include resections of both benign and malignant lesions. 9 Dissection, coagulation, and division of the mesocolon and mesorectum during laparoscopy, however, represent technical and hemostatic challenges. 10 When dealing with inflamed tissues, or in diverticulitis or inflammatory bowel disease, or when the mesocolon and mesorectum are fatty, reliable hemostasis is not always easy to obtain. 11 Use of ultrasonic dissection in colorectal laparoscopic surgery has been recently reviewed by Heili et al 12 on 49 retrospective right hemicolectomy or sigmoid resections and by Msika et al on 34 prospective colorectal resections. 13 Both studies concluded that ultrasonic dissection represents a significant technical improvement for laparoscopic colorectal surgery.
The aim of this prospective randomized clinical trial was to evaluate the advantages and disadvantages of ultrasonic dissection compared with standard electrosurgery in laparoscopic colorectal surgery.
METHODS
Patients eligible for laparoscopic right hemicolectomy (RH), left hemicolectomy (LH), sigmoidectomy (SG), and low anterior resection (LAR) were randomized in two groups: in the first, the dissection was conducted by monopolar electrosurgery using either scissors or hook (ES); in the second, the dissection was conducted by ultrasonically activated shears (UC). Bipolar coagulation was used in both groups when deemed necessary. During the study period, the ultrasound generator was Ultracision (Ethicon Endo-Surgery Inc.), and electrodissector was Erbotom ICC 350 (ERBE, Elektromedizin GmbH Tübingen, Germany).
Exclusion criteria were: pathology of transverse colon, previous large bowel surgery, and need for abdominoperineal resection.
The protocols for anesthesia, preoperative and postoperative management, were uniform in the two groups. Preoperative bowel preparation was used (polyethylene glycol solution). Intravenous antibiotics (second-generation cephalosporin and metronidazole) were administered prior to incision and continued for 5 days after the operation. Deep venous thrombosis prophylaxis was used (low molecular weight heparin). Postoperative analgesia was ensured by Ketorolac and Tramadol during the first 48 hours, and thereafter by parenteral nonsteroidal analgesics at patient's request.
Technique
All procedures were standardized before starting the protocol and were performed by 2 surgeons (M.M., C.G.) experienced in laparoscopic colorectal surgery each having performed more than 200 procedures.
Pneumoperitoneum was created by a Veress needle at an intra-abdominal pressure of 12 mm Hg. Four or 5 trocars were introduced. The surgical strategy was identical in the two groups. For resections involving left colon, sigmoid or rectum, a high vascular ligation, complete left colon mobilization, and a distal colonic or rectal transsection were completed laparoscopically; a suprapubic minilaparotomy was then performed to extract the specimen, to resect the proximal margin and to introduce the stapler anvil. Finally, pneumoperitoneum was reestablished and a double-stapled mechanical anastomosis was fashioned laparoscopically. 14, 15 Right hemicolectomies were completed laparoscopically with a high vascular ligation and a complete right colonic mobilization. A transverse minilaparotomy was then performed in the right hypochondrium to extract the specimen, to transect the ileum and the transverse colon, and to fashion a manual ileocolic anastomosis. Finally, the pneumoperitoneum was reestablished to close the mesenteric defect using a laparoscopic running suture. 16 The procedures in the two groups differed exclusively on the basis of technology used to dissect and to obtain hemostasis: monopolar or bipolar electrosurgey in ES patients or monopolar, bipolar, or ultrasonic activated shears in UC patients. In both groups, high vascular ligation of inferior mesenteric vein and artery in left-sided procedures, ileocolic vein, and artery in RH were performed using a disposable clip applier. The operating surgeon could substitute ES with UC in the ES group if it were considered necessary to obtain a good hemostatic control or avoid conversion to open surgery. These patients were defined as ES/UC conversions.
Outcome Measurements
The following preoperative data were evaluated: age, gender, body mass index (BMI), anesthesiological risk (ASA status), previous surgical abdominal procedures, white blood cells, hemoglobin, and hematocrit. The intraoperative recorded data were: operative time (from creation of pneumoperitoneum to minilaparotomy), blood losses, intraoperative blood transfusions, intraoperative complications, and conversion rate. Conversion to laparotomy was defined as unplanned incision or an incision made longer or earlier than planned. The postoperative collected data were: amount of abdominal drainage in the first 48 hours, white blood cells, hemoglobin, and hematocrit in the first 4 days, first passage of gas and stools, complications, and hospital stay.
Statistical Analysis
The primary endpoint of the study was operative time. Secondary endpoints were intraoperative blood loss and morbidity. Appropriate sample size was calculated based on the assumption of a difference of 15% in operative time between ES and UC. This difference was considered relevant, and a sample size of 140 patients (70 in each group) was needed to prove this difference (␣ set at 0.05; ␤ set at 0.2; power ϭ 80%). A specific informed-consent form approved by our Institution's Ethics Committee and signed by the candidates was required before inclusion in the trial. Randomization was performed 1 day before surgery by means of sealed opaque envelopes containing computer-generated random numbers. Categorical variables were compared by 2 test, with Yates' correction and the Fisher exact test (2-tailed) when necessary. Continuous variables were compared by the Student t test or the Mann-Whitney U test, depending on distribution. All P values were 2-sided. A P value of Ͻ 0.05 indicated a statistically significant difference. Data were analyzed on an intention-to-treat basis. All calculations were done with SPSS (version 10.0) SPSS Inc. (Chicago, IL).
RESULTS
Between January 2002 and December 2003, 171 patients underwent laparoscopic colorectal resections at our institution. There were 25 excluded patients: 8 abdominoperineal resections, 8 reversal of Hartmann's procedures, and 9 transverse colon resections (Fig. 1 ). The remaining 146 patients (57 women, 89 men) were randomized in two groups: ES (n ϭ 72) and UC (n ϭ 74). Concerning preoperative parameters (age, sex ratio, BMI, ASA, and previous surgical treatments), the 2 groups were similar (Table 1) . Furthermore, there were no differences between the two groups in pathology distribution or in terms of procedures performed (Table 1 ).
Peroperative Results
Mean operative time was shorter in UC (102.55 minutes; range, 75-190 minutes) versus 92.96 minutes (range, 45-170 minutes), but this difference was not significant (P ϭ 0.46). When we compared the different laparoscopic procedures, there were no statistically significant differences in operative time between ES and UC in RH, LH, and SG, while operative time was significantly shorter for UC patients in LAR: ES mean, 115.6 minutes (range, 80 -175 minutes) versus UC 95.4 (range, 45-150 minutes; P ϭ 0.011) ( Table 2) .
Intraoperative blood losses were significantly reduced in UC: ES 182.6 mL (range, 50 -330 mL) versus UC 140.8 mL (range, 35-290 mL) (P Ͻ 0.032). When we compared the different procedures, blood losses remained significantly reduced in LH, SG, and LAR in the UC group (Table 1) .
There were no statistically differences in terms of intraoperative morbidity. In the ES group, there was only one complication (1.3%): a bleeding from the inferior mesenteric vein that was treated with clips. In the UC group, there were a total of 3 intraoperative complications (4%): a perforation of transverse colon and a small bowel perforation both caused by excessive traction with atraumatic forceps and repaired by a laparoscopic suture, and a case of disruption of the linear stapled rectal suture during introduction of the circular stapler that led to a redo of the rectal linear transsection.
The conversion rate to open surgery was 11.6% (17 of 146), with no statistical differences between the two groups (ES 8 versus UC 9). Reasons to convert were: inadequate bowel preparation (6 cases), presence of fibrosis or adhesions (6 cases), and locally advanced neoplasm (5 cases). In 20.8% (15 of 72) of ES, it was necessary to substitute electrodissector with Ultracision to safely conclude the laparoscopic procedure (ES/UC conversion rate). The ES/UC conversion rate was 26% (4 of 15) for right hemicolectomy, 12.5% (2 of 16) for left hemicolectomy, 18% (4 of 22) for sigmoidectomy, and 26% (5 of 19) for anterior resection. The reasons for ES/UC conversion were difficulties with exposure or continuing dissection in 60% (9 of 15) or presence of fibrotic tissue or abdominal adhesions in 40% (6 of 15). The ES/UC conversion rate was not related to preoperative parameters such as BMI or pathology.
Postoperative Results
There were no postoperative deaths. There was no difference in postoperative drain losses in the first 48 hours between the two groups. There were no significant differences between the two groups comparing blood counts, time to recover bowel function (time to first bowel movement: ES 3.7 days; range, 3-5 days; versus UC 3.6 days; range, 2-5 days; time to oral fluid intake: ES 3.2 days; range, 2-5 days; versus UC 3.4 days; range, 2-5 days; and postoperative hospital stay: ES 8.9 days; range, 6 -12 days; versus UC 8.5 days; range, 6 -11 days). Postoperative complication rates were similar in the two groups ES 6.9% (5 of 72) versus UC 6.7% (5 of 74): 2 patients (1 ES, 1 UC) with postoperative ileus, 3 (1 ES, 2 UC) anastomotic leaks, 1 hernia (1 ES), and 4 (2 ES, 2 UC) patients who required blood transfusion. The results are presented on an intention-to-treat basis; data were further analyzed by excluding from ES group the 15 patients that underwent an ES/UC conversion. No significant differences in the results emerged from this analysis.
DISCUSSION
Ultracision is a new surgical tool that cuts and coagulates by converting electric energy into ultrasonic mechanical vibrations and allows hemostasis and tissue division with the same instrument. 17 Ultrasonic dissection works at a temperature below 80°C, compared with 100°C for electrosurgery; as a result, the risk of thermal damage to adjacent structures is reduced. 18 Another advantage resulting from the low temperature is that charring is minimized. 19 Furthermore, when used with a scissor-type tip, Ultracision is one of the few available multifunctional laparoscopic instruments. It can be used as a grasper, dissector, coagulating device, and cutter. The availability of a multifunctional laparoscopic instrument seems to be of particular value in complex laparoscopic procedures, such as colorectal resection. Another characteristic related to the use of ultrasonic dissection is the absence of smoke, ensuring better visibility; however, cavitation does lead to the production of some mist. 18 The latter is more acceptable than smoke because it disperses more rapidly than smoke produced by high-frequency cautery.
The Ultracision was introduced in laparoscopic surgery by Amaral; 4 its safety has been confirmed by a number of studies conducted on laparoscopic cholecystectomy, fundoplication, adrenalectomy, and hysterectomy. [5] [6] [7] [8] 20 There are very few reports on Ultracision in laparoscopic colorectal surgery. Heili et al 12 compared retrospectively laparoscopic colorectal resections performed with or without UC and concluded that the use of UC resulted in shorter operative time (although statistically nonsignificant) and shorter hospital stay; Msika et al, 13 reporting on 34 prospective laparoscopic colorectal resections using UC, concluded that "UC represents a remarkable progress in laparoscopic surgery and seems particularly interesting in colorectal surgery." The same authors advocated a randomized controlled study comparing UC with conventional hemostatic techniques. 13 Our randomized clinical study confirms the safety and efficacy of UC but fails to confirm any supposed clinical advantage in comparison to standard electrosurgery: all clinical and operative parameters were similar in the two groups except for a small difference (41.8 mL) in preoperative blood losses. Postoperative hospital stay was similar in the two groups.
Nevertheless, in the present study, an experienced laparoscopic surgeon considered the use of UC essential to safely complete the procedure in 20% of resections to avoid unnecessary conversion to laparotomy, particularly in the case of RH and LAR. Moreover, while mean operative time in the overall groups did not differ significantly between ES and UC, in LAR operative time was significantly shorter in UC patients. Therefore, it appears that in complex laparoscopic colorectal resections, namely LAR, UC is of technical value. Surprisingly, diverticulitis, characterized by adhesions and inflammation, did not emerge as a risk factor for ES/UC conversion.
Colorectal adenocarcinomas represent the most common indication for colorectal resections. UC, by disrupting tissues by cavitation, produces dense clouds of cellular debris that might contain viable cancer cells, a potential argument against the use of UC during cancer surgery. Nduka et al recently demonstrated that, although large number of cellular particles are released after tumor ablation with UC, viable airborne cancer cells are not released by the procedure. 21 No adverse oncologic effects have been encountered in the present series, although with a limited follow-up.
Some authors reported a reduction in cost per procedure because the use of UC allowed a reduced number of alternative disposable items to be used. 6, 13 In our experience, only one clip applier per procedure was used in both groups to control inferior mesenteric or ileocolic vessels; further hemostasis was achieved in ES patients using bipolar cautery. Therefore, in our experience, Ultracision represents an additional cost to the laparoscopic procedure (approximately 300 euros). At the Turin University Hospital, operative room costs are evaluated at 370 euros per hour. Thus, a mean difference of 10 minutes in operative time does not compensate the cost of the instrument as postoperative results (morbidity and hospital stay) in the two groups are identical.
CONCLUSION
UC is a useful device in laparoscopic colorectal surgery that facilitates completion of difficult cases and reduces blood losses. Nevertheless, the majority of laparoscopic colorectal procedures can be completed using standard electrosurgery without any difference in outcome. Therefore, the use of ultrasonic dissection in colorectal laparoscopic surgery routinely or in selected indications is essentially a matter of cost. At our institution, selective use of ultrasonic dissection is at present considered the most cost-effective policy.
Discussions DR. GARDEN: I would like to congratulate the Turin group, trying to address a challenging area of surgical practice and using a randomized controlled trial to provide us with useful information to the side whether or not one technique was better than the other. I did detect that there might have been a slight bias and that there was not a preference to use ultrasonic dissection when the case became difficult. This is really a challenging area because there must be many factors that come into play determining outcome following any surgical procedure. The first point I would like to raise relates to the outcome measures used in the study. I think about picture up correctly the significant reduction in blood loss did not actually translate into a benefit in terms of transfusion requirements. I was not quite sure whether the reduction in operating time did translate into a reduced hospital stay. I am not a colorectal surgeon, and I don't consider myself a pretty good laparoscopic surgeon, but I was surprised to see that you chose to exclude a number of patients from the study who had pathology in the transverse colon. And I just wondered if you could enlarge on the reasons as to why that would be because clearly the study may not necessarily be applicable to all patients being considered for laparoscopic surgery.
Finally, I also did not know that you did seem to include a high proportion of patients who had perhaps more benign pathology than might have been expected in an open series of colectomies and this is clearly a pattern; it is not similar to reports of laparoscopic intervention for liver surgery and for pancreatic surgery. So I wonder if you just could answer why a large proportion of the patients included did seem to have benign pathology such as diverticular disease and adenoma. I very much enjoyed your paper and your attempt to address an important question. DR. MORINO: Thank you for this very important question. The small difference in blood loss did not transfer in a reduction in hospital stay in the different groups. I went very quickly through these data showing these details. Concerning the transverse colon, we decided to exclude the groups of patients with limited numbers per year; therefore we excluded transverse colon, abdominoperineal resection, and reversal of Hartmann procedure and we decided to limit the study to the 4 main technical indications.
Concerning benign pathologies, I am in charge of the emergency unit and I see a lot of patients with diverticular disease. Furthermore, we are one of the referral centers in Italy for the TEM procedure. A substantial number of patients are sent to us with huge adenoma of the rectum for TEM, but sometimes it is not an indication and we go for laparoscopy. So there is a bit of bias because of personal surgical experience and referral pattern. PROF. MORTENSEN: Thank you very much for the elegant paper. I wonder if I can ask you about heat and heat generated at the tip of the instrument, which is really the problem with all laparoscopically deployed devices. You had 3 cases of fistula. Was that a leak from an anastomosis or diathermy injury or Ultracision injury to small bowel? But the second question I would like to ask related to heat is more interesting. If you dissect in the pelvis, do you think one is more preferable to the other in terms of potential for damage of the autonomic nerves in the pelvis? DR. MORINO: Two very good questions. All the fistulas were anastomotic fistulas; we had no leakage due to damage of the bowel, but I don't advise you to touch the bowel with this instrument. Concerning the nerves, this could be an interesting point; however, it will be very difficult to show it in studies. It has been demonstrated that the spread of the heat and damage to the tissues is reduced by ultrasonic dissection. Therefore, ultrasonic dissection could be useful to reduce damages to the nerves during LAR.
